This paper illustrates the application of cognitive mapping to people with visual impairments and blindness. It gives perspectives on past research, outlines ongoing research, highlights some of the methodological and validity issues arising from this research, and discusses the movement of theory into practice. The findings of three small preliminary studies have been reported, as part of continuing research into the cognitive mapping abilities of blind or visually impaired people. These studies have highlighted the need to use multiple, mutually supportive tests to assess cognitive map knowledge. In light of these findings and the need to move theory into practice, a current research project is outlined. This project seeks to use the knowledge gained from the three projects to design and implement an auditory hypermap system to aid wayfinding and the spatial learning of an area. Finally an agenda for applied research is presented.
Introduction
Whether blind, visually impaired, or sighted, our quality of life is greatly dependent on our ability to make informed spatial decisions through the processing and synthesis of spatial information, within a variety of situations, at differing scales (Golledge, 19931. To varying extents we all have a spatial awareness of our surroundings. Through the varied stimulation of our senses we come to know about places in the world. These sensory inputs emerge directly from the environment, where our senses engage in direct perception with objects that are close enough to touch, taste, smell, hear and see. We can also learn geographic information from a multitude of less direct sources: books, television, radio, newspapers, maps, models and conversation. Integrating these raw materials of experience and learning is a complex process (Boyle & Robinson, 1979) . Mediating sensory inputs of environmental and spatial information are cognitive processes, attitudes and beliefs. Through contemplation sensory experience is transformed into knowing and understanding. This whole process is known as cogni tive mapping.
Cognitive mapping's most widely accepted definition is as a process composed of a series of psychological transformations by which an individual acquires, stores, recalls, and decodes information about the relative locations and attributes of the phenomena in his everyday spatial environment (Downs & Sea, 1973, p. 7) .
In its broadest sense cognitive map knowledge can be thought of as an internal model of the world in which we live (Golledge & Stimpson, 1997) . This consists of a union of' spatial cognition and environment cognition (Kitchin, 1994) . That is, it comprises of a spatial component relating to the structure, relations and entities of space (Hart & Moore, 1973) married to an environment component relating to the physical attributes which compose a place (Hart & Conn, 1991) . Thus, cognitive mapping relates to not only how we perceive, store and recall information about the spatial environment but also how we think and feel about the geographic environment. Therefore, it underlies, and is at the heart of human spatial behaviour (Golledge & Stimpson, 1997) . Cognitive mapping is used in spatial choice and decision making in wayfinding and navigation, migration, environmental preferences for modes of transport, shopping, recreation, housing, and in learning new environments and maps.
Why investigate cognitive mapping without sight?
Investigating the cognitive mapping ability of blind people is of considerable theoretical and practical importance. There are four major applied reasons for investigating the cognitive mapping abilities of visually impaired and blind people. For learning a geographic environment from primary sources, in the environment, or secondary sources such as maps, vision is the most effective sense, and sight is often termed the sense par excellence (Foulke, 1983) . The ability to travel independently and to interact with the wider world is therefore one of the greatest challenges facing blind people (Golledge, 1993) . Indeed, Bruce et al. (1991) found in a survey of young people registered blind in the U.K. that in the preceding week, 20 per cent of respondents had not left their home, only 34 per cent had travelled locally, and only 41 per cent left the confines of the home alone and on foot. Similarly, Clark-Carter et al. (1986) reported that at least 30 per cent of people with visual impairment or blindness make no independent journeys outside their homes. When traversing geographic space many blind people adhere to familiar, known routes, as exploration can be stressful, introducing disorientation and subsequent anxiety (Passini et al., 1990) .
Through cognitive mapping research (and other allied techniques) it is possible to improve the quality of life of people who are visually impaired or blind through increased mobility and independence. Cognitive mapping research has the potential to provide clues as to how to enhance visually impaired people's wayfinding and orientation skills, by directly influencing orientation, mobility and rehabilitation training, and ultimately on independence and quality of life.
Second, there have been an increasing number of assistance devices for blind and visually impaired people. (Table 1 gives a listing of such devices.) While it is true most of these have been mobility devices (that is obstacle avoidance devices, aimed at detecting hazards within the next few paces) recently there has been the development of orientation and navigation aids to help address the more macro problems of route planning, geographic orientation and wayfinding Brabyn, 1995; Fruchterman, 1995; Petrie et al., 1996) . In order for these devices to work effectively and efficiently, it is essential that into their conception and design goes a baseline awareness of how aZ., 1997) . Cognitive mapping research can also be used to assess the utility and benefits of these assistive devices.
Third, the insights and understanding obtained through cognitive mapping research could be used to facilitate the planning of environments that are easier to remember and more pleasurable to use: ' [We] can better plan, design and manage the environment for and with people if we know how they image the world' (Lynch, 1976, p. xi>. Modifications can be made to existing environments to enable better access for visually impaired people. Table 2 illustrates some of the physical problems encountered when navigating through the built environment without sight.
Fourth, by studying the acquisition of spatial cognition by people who have a degree of sensory deprivation, valuable information is obtained concerning the role of sensory experience in cognitive mapping in general. This leads to theoretical insights in the nature of human thought and could have implications to other projects relating to wayfinding such as robotics and artificial intelligence, for example, Kuipers (1997) . Golledge and Stimpson (1997, p. 493 ).
The cognitive map knowledge of visually impaired people
Fletcher (1980) categorized the long history of research into the spatial abilities of blind people into three broad theories: deficiency, inefficiency and difference. This can serve as a useful framework with which to view past research. The deficiency theory arose from work in the 1920s and beyond, mainly on tabletop tasks (e.g. von Senden, 19321 . It states that congenitally blind individuals are unable to develop a general spatial understanding because they have never experienced the perceptual processes (e.g. vision) necessary to comprehend complex spatial arrangements. This theory is mainly of historical interest as more recent work has discredited von Senden's position. The inefficiency theory states that people with visual impairments can understand and mentally manipulate spatial concepts, but because information is based upon auditory and haptic cues this knowledge and comprehension is inferior to that based upon vision (e.g. Reiser et al., 1986) . Research has shown that spaces travelled by the congenitally blind tend to be re-constructed as linear routes consisting of sequences of paths linked by decision points (for example, see 'linear' cognitive maps in Casey, 1978) . This theory suggests that extrapolating these routes to a synoptic whole of survey or configurational knowledge is difficult or impossible as route-based knowledge would not support inference about the relative locations of places. The difference theory proposes visually impaired individuals possess the same abilities to process and understand spatial concepts, and that although functionally equivalent to the sighted, they are carried out in a different and often slower manner (Juurmaa, 1973) . Passini and Proulx (1988) state that any differences in spatial competence, such as a cognitive mapping task, either in quantitative or qualitative terms, between sighted and blind, can be explained by intervening variables such as access to information (e.g. maps), experience (sighted may be optically familiar with sketching or modelling), or stress. Millar (1988) argues that although nonvisual senses are 'inferior' at coding spatial relational information, visually impaired people have no less potential than the sighted for developing a fully integrated representation of space. It is clear that for people with a visual sensory impairment environmental interaction is hampered. The acquisition of knowledge structures relating to an environment is more of an achievement, and independent mobility requires greater skill than those who navigate by sight. A perspective of space is an important part of an individual's perspectives. From an early age we learn to operate in our local environment, and then in turn in larger regional and global spaces. The 'quality of internal spatial constructs affect all aspects of our lives and allow us to understand the impact and interactions of events and decisions which shape our world (Andrews, 1983, p. 30 ). Being mobile is both an essential and fundamental skill to acquire. It is necessary in order to function at the very basic level, to find one's clothes and to get dressed, or to find your way about your own home. Foulke (1983) suggests mobility should enable blind people to 'travel, safely, comfortably, gracefully, and independently' through their environment. Mobility whilst being one of the most fundamental basic tasks necessary for ordinary everyday functioning is a 'complex determined activity' (Warren & Kocon, 1974) that requires the integration of perception and cognition needing motor, perceptual and representational skills. To illustrate this point consider a sighted individual who cannot see their destination from their point of origin, but they are able to use their cognitive representation to infer direction and then to feed this back into their cognitive map (Garling et al., 1984) .
This hypothesized representation of space (a cog-nitive map) is not directly observable; it is subjective internalized knowledge of the environment. The information extracted from large-scale external environments exists in some form of psychological space. This information need not have the metrics of any recognizable 'system'; however, training and experience will help structure cognition. There are two main options for assessing the cognitive map knowledge of people who are blind. An externalization of a cognitive map is extracted, measured and studied (such as a sketch map) or participants are asked to complete a task appropriate to their environment, such as route following or wayfinding. The 'in the environment' task has utility because it involves the participants interacting with a space whereas the first techniques are used to infer knowledge and possible behaviour from the test results. However, the utility of an action such as wayfinding in a complex environment is complicated as the participant may be using cognitive map knowledge, environmental cues, or combinations of both to navigate, although this is more reflective of their real world situation. There are many problems with externalizing cognitive map knowledge, and many of the tasks used with sighted people are problematic or have to be specially adapted before they can performed without sight. Traditionally, the accuracy of a spatial product and its correlation to a geometrical abstraction such as a map is used to assess cognitive map knowledge, the implication being that the greater the accuracy, the greater the utility. There are problems with this paradigm, as a cognitive map may not correspond to the same metrics (e.g. Euclidean) as the map used for comparison. For a congenitally blind individual who has never experienced a whole map as a visual gestalt, this may be especially true. Table 3 summarizes the main options for assessing cognitive map knowledge, using examples with visually impaired people where possible. For a more complete review see Kitchin and Jacobson (1997) .
A whole range of techniques have been employed by researchers to assess the cognitive map knowledge of people who are visually impaired, blind or sighted. Only recently are we beginning to use cognitive mapping to explore how people with visual impairments or blindness, learn, understand, and think about geographic space (Passini & Proulx, 1988; Kitchin et al., 1997) .
Three studies of the cognitive map knowledge of visually impaired people
Between 1992 and 1996 these studies were undertaken as part of continuing research into the cognitive mapping abilities of visually impaired and blind people. None of the results from these studies have been published beyond an in-house, departmental journal (Jacobson, 1992 (Jacobson, , 1996 (1978) Haber et al. (1993) Lockman et al. (1981) Byrne and Salter (1983) Evans and Pedzek (1980) Matthews (1984) Source: , and references therein. 1995). These studies illustrate an evolving methodology designed to probe certain aspects and obtain a more thorough understanding of the cognitive mapping abilities of people who are blind. Each study built upon the prior ones addressing the interaction and influence of map-like spatial aids for presenting the geographic world to visually impaired and blind people. By assessing a baseline condition, the representation of a cognitive map prior to the presentation of any maps or similar media, it was possible to gain insight into the geographic awareness and spatial comprehension of the study populations. By re-assessing their cognitive map knowledge after the presentation of a graphic aid, the effectiveness, utility and potential for the graphic aid could be assessed in a limited way.
Swansea study
The first study grew from a cartographic exercise to design, form and evaluate a tactile map of the University of Wales campus at Swansea. After initial cartographic studies evaluating the discriminability of various tactile textures, a tactile map of the campus was designed and constructed. Figure  l (a) shows a visual representation of the map. Three congenitally blind students participated in the study. They all lived in halls of residence on campus and travelled independently around the campus to attend lectures and carry out a range of academic and social activities. The participants externalized their cognitive map knowledge of the campus using basic or free recall sketch mapping, whose validity and methodological problems are well documented (e.g. Blades, 1990) . However, this method was adopted as it offered valuable insights into the structure, order and content of their knowledge. In order to overcome the disadvantage of the participants being unable to see what they were drawing, a raised line drawing pad was used. This rendered any drawn line into a tangible tactile line, enabling the drawers to study what had already been drawn and orientate themselves. The participants completed a sketch map of the campus, which was used to indicate their background or baseline level of their spatial awareness of the campus. Each participant was then given a tactile map of the campus, which they explored and general questions were answered by the author. Respondents were encouraged to refer to and use the tactile map as much as possible. One week later, the participants completed another sketch map of the campus.
Results are shown in Figure 1 .
The sketch maps drawn prior to the tactile map experience [Figure l(b) ] were well ordered, and conceptualized the campus in a holistic and coherent manner. The inaccuracies present, such as the misrepresentation of a shallow curve as a straight line, and 90" orientation errors can be explained. A shallow curve is almost entirely imperceptible to a blind person (Dodds, 1993) , and all people exhibit a veering tendency when attempting to follow a straight path. Duncan (1934) noted that some blind individuals experience problems when representing right angles, and in the sketch maps, although major turns were integrated, some evolved to be at an erroneous angle.
The sketch maps drawn after the tactile map experience [Figure l(c) ] increased in detail, including some detail that could only have been map derived, and the errors present in the earlier sketch maps were compensated for. From this small study the following tentative conclusions were drawn. Sketch mapping can provide a very useful tool for the documentation of the development of someone's cognitive maps. With the supplement of a tactile map to provide a survey view, not obtainable without vision, the congenitally blind respondents created survey-like representations of space in support of the difference theory. Tactile maps have the opportunity to be a powerful geographic learning and orientation tool in support of Ungar et al. (1993) .
Aberystwyth study
The Aberystwyth study used a more multi-task, multi-analysis strategy, investigating in a quantitative way the macro, regional geographic awareness of three visually impaired individuals, and the effect of a tactile map representation. The study area involved 10 towns and villages in the Aberystwyth area, central Wales, U.K. The respondents had all lived in the area for the majority of their lives. Two of the respondents were adventitiously visually impaired and one adventitiously blind. The participants indicated how familiar they were (experience of visiting) with the 10 towns, using a scale that ranged from 1 (not familiar) to 10 (very familiar). Each respondent had 5 min to study a tactile map indicating the coastline and the position of each of the labelled towns. They were then asked to undertake three tasks: complete a spatial cued response test; estimate relative distances for multidimensional scaling, and complete a recognition test.
The spatial cued response task required respon- dents to indicate upon a tactile master, mounted on a raised line drawing board, the locations of the ten towns presented on the tactile map. The spatial cueing on the tactile master consisted of the coastline and the positions of the two most familiar towns (Aberystwyth and Ponterwyd), which were indicated visually and tactually. The respondents' placement of town locations were analysed using bidimensional regression (Tobler, 1965; Tobler, 1994; Nakaya, 1997) . Here the cognized locations indicated by the respondents are bidimensionally regressed onto their corresponding real world location. The individual results show two out of the three respondents placed towns accurately, the third completely blind respondent was less accurate. All three configurations by the respondents did, however, score well (r2 values above 50) and this supports the idea that blind people are capable of developing configurational knowledge (albeit map learned and map re-presented after a short time interval in this study). When the three participants' results are aggregated, and displayed graphically an ellipse of error of placement of each town is generated (Figure 2 ). In contrast to other studies (Garling et al., 1991; Montello, 1991; Kitchin, 1994) , little relationship was found between familiarity and placement accuracy (linear regression r2 = 30~5). This is not surprising as the respondents only learnt the tactile map prior to the tasks. However, the particularly low familiarity score for Tregaron (place 4) does suggest that the learnt tactile map knowledge was used in conjunction with cognitive map knowledge constructed through experience. All three respondents were unsuccessful in attempting to estimate relative distances for analysis using multidimensional scaling. They complained the task of converting their knowledge into distances too cognitively demanding. This is possibly because distances were not travelled regularly, or by human locomotion, needing vehicular transport. Without the use of vision common cues like road atlases, and distances on road signs were not accessible. In the recognition task three maps with towns on but not the coastline were randomly presented to the respondents. One map had the correct orientation, and the others were rotated by 120 and 240 degrees. All the respondents correctly identified the map with the correct orientation.
Hereford study
The study at the Royal National College for the Blind, Hereford, U.K. used eight students with a range of visual impairment. Its aim was to assess the utility of auditory beacons in environment and model by examining the integration of the environment and a tactile model through the use of auditory beacons. Sounds from the environment were replicated in a large scale tactile model [ Figure  3(a) ]. An audio-tactile map of the route to be studied was made using microcapsule paper (see Andrews, 1988) . Audio information was added using the NOMAD device (Parkes, 1988) . Auditory icons [earcons (Blattner et al., 1989) ] on the graphic included traffic noise along Venns Lane and the bleep of the pelican crossing. The text label would be 'spoken' when the appropriate region was touched. In the environment some of the students (group 1) carried a small electronic receiver around their neck. When approaching the pelican gate, they received the message: 'you are now approaching the pelican gate-turn left for the college campus'.
Small electronic audio beacons are a simple and effective way to provide additional audio cues, either in the form of speech or other recorded sound such as traffic noise. They employ a variety of technologies including infrared, microwave and radio signals (Whitney, 1995) . These can be used as tools for developing orientation and mobility skills in reconstructed training settings. When placed in the real world, the environment that the visually impaired pedestrian travels through, audio beacons can provide additional cues and information that is not normally accessible, such as road names (Brabyn & Brabyn, 1983; Brabyn, 1995; Stephens, 19951. Tactile maps have been used for a long time in education to convey ideas with a spatial component. There is a wealth of literature on the design and production issues associated with tactile maps (Weidel, 1983; Tatham & Dodds, 1988) . They have also been used as a wayfinding aid (Bentzen, 1980; Golledge, 19911 , and recently as mobility learning aids (Ungar et al., 1993) . Maps are able to extend the conception of an environment beyond that gained by direct experience from the environment. A common problem with tactile maps is labelling; a map devoid of labels is meaningless. Braille labelling is inflexible, and if enough labels are applied to facilitate understanding the map is cluttered and illegible (Tatham, 1991) . Using labels in a separate legend or key reduces the immediacy of the graphic and introduces interpretation problems as referencing is disrupted (Hinton, 1993) .
One solution is an audio-tactile 'multi-media' approach. Here computer audio-based systems augment the line work on the tactile graphic by applying sound labels to points, lines and areas on the map. This makes the map inherently more user friendly. The map sits on a small tablet connected to a computer; when the map is touched the corresponding sound label is triggered. Such systems include NOMAD (Parkes, 1988) and talking tactile maps (Blenkhorn & Evans, 1994) . The touch pad can be connected to any personal computer. Audio is generated through an internal or external speech synthesizer and additional sounds can be added and created using commonly available sound production software and hardware. By using auditory icons, which are nonverbal audio messages such as the noise of traffic or the sound of a pedestrian crossing, the real world environment can be imaginatively replicated in a small scale model. The integration of environment and model, a holistic approach where audio beacons give messages and information in the environment and these are then replicated in an audio-tactile model, is proposed as a valuable tool in the acquisition of orientation and mobility skills in a novel geographic area.
If spatial relationships are to be attained, they have to be organized. Route knowledge is the easiest level of knowledge for the visually impaired traveller to learn (Spencer et al., 1989) . Mobility training often requires the learning of desired routes (Dodds, 1993) . A route may consist of a series of segments, linked by a listing of their component turns and parts. However, route learning is inflexible, travellers are restricted to the route they have learned, detours and short cuts are problematic, and the conceptual integration of different routes is difficult (Downs & Stea, 1977 ). An egocentric listing of a route is difficult to extrapolate from self-referenced to Euclidean distances or angles between places (Spencer et al., 1989) . A flexible knowledge of the spatial pattern of paths travelled is far more versatile; however, by the lack of their visual sense, the blind necessitate direct contact with the environment. If congenitally blind (blind from birth) they have not had any experience of simultaneous and direct perception of spatial relations and perspective. Some researchers suggest the visually impaired are limited to a route-like representation of space. Small-scale tasks support the above theory (Merry & Merry, 1934; Berg & Worchel, 1956; and Millar, 19791, although Kennedy (1983) was able to obtain perspective sketches of objects from congenitally blind students. The integration of environment and model aims to explore this question, in a limited way, within the Hereford route-learning study (intra-route rather than inter-route) by making various assessments of the respondents' ability to navigate the route.
Audio information plays an important role in the development of spatial skill. It is 'the main channel for providing distal information' (Spencer et al., 1989 ) and in spite of conclusions made by Foulke (1982) , is superior to all other sensory alternatives (Wanet & Veraart, 1985) . Unlike the remaining senses available to the visually impaired, with the auditory sense there is no need for direct contact, it will work in any environment, indoors and outside, and both in an active and a passive way. This audio information may come in the form of verbal guidance and instruction, from a mobility instructor, for example, and also as auditory environmental cues encountered during travel, such as trafhc noise.
In the study, all the students were mobile in surroundings, which they were familiar with using long cane techniques. None of the students had attempted the study route before from a hall of residence on the fringe of the campus to a centrally located main building leading to the refectory. The participants' ages ranged from 16 years 3 months to 17 years 1 month, with an average age of 16 years 6 months. Three respondents were female and five were male. After an initial short interview the participants were split into two groups, each Navigating the route involved negotiating a segroup having a similar range of visual impairment. ries of obstacles including gateways and crossing a main road. One group learned the route in the traditional manner by walking the route with a mobility instructor (group 2). The other group had similar instruction but also came to know the route and area through an audio-tactile model and when walking the route had access to an environmental audio beacon (group 1). When a student felt comfortable with the route they were observed attempting the route unaided. Each student then completed a small set of qualitative and quantitative assessments, which included verbally describing the route and a free recall sketch of the route. In the latter, respondents were presented with a blank tactile drawing pad and were asked to draw and describe the route in as much detail as they could. Distances to landmarks along the route were investigated after route completion by ratio scaling. A respondent would indicate on a ruler by a sliding a pointer along the ruler representing the total route length, the distance to key landmarks. A tactile scanning assessment was used as a simple measure of tabletop graphic ability. Each respondent was encouraged to talk aloud while they completed the tasks. In addition, each respondent completed a short follow up interview at the end of the study.
With such a small sample it is noted that any extrapolation to a larger population may be misleading; also that differences in individual ability are often greater than the aggregated average of the group, and that aggregating the results has the potential for misinterpretation (Newcombe, 1985) . However the comparison of two contrasting groups is seen as a useful indicator of the utility of the technique.
Both groups of students were able to complete the route unaided, with the exception of one respondent from group 2 (normal mobility techniques, participant 7), who generally lacked confidence, appeared hesitant and uncertain when navigating on his own, frequently halting and retracing his movements.
With the exception of the above student all participants were able to verbally describe the route. There were individual differences between respondents, some descriptions being verbose and detailed (see example by participant 3) while others were less detailed but still contained the essential components, the structure and framework of the route. Although employing differing levels of detail all the route descriptions were sequentially 'correct' and navigationally comprehensible.
Participant 3-NOMAD and talking sign (group 1) -verbal route description: Go up. Straight forward to metal barrier. Turn right following metal barrier to the pelican pole. Press button and only cross when you hear the pelican bleeping. Keep as straight as you can-there are tactile pavings on either side of the crossing. Once across the other side go straight forward until you hit another kerb line. Follow that kerb line around-it bends around to the left through the college gate. At entrance cross over to other shoreline. Follow that around it goes straight on then to the right and there is a barrier. Another barrier on the right, go to the right and through the gate and follow low wall to door of building.
While the respondents drew a minimally-defined sketch map of the route they were asked to talk aloud, explaining what they were doing, and describing what they were drawing. Sketches were copied and annotated. They were presented in random table top arrangements to three independent scrutinizers who viewed the sketches and were asked to rank them for their accuracy when compared to the visual analogue of the tactile map of the route. Figure 3 shows sketch maps drawn by participants. The maps drawn by group 1 who had viewed the route map on NOMAD, the audio tactile interface, were consistently ranked with a higher average than the maps drawn by the group who had only walked the route. (t-test results, group 1: mean of rank 280; Group 2: mean of rank 6.18, t = 4.38, p < 0.05.)
When the spatial arrangement of the sketches were analysed using bidimensional regression, all sketches showed a high degree of completeness and accuracy, both in terms of visual cartographic appeal and bidimensional regression scores (group 1 mean r2 = 96.33, group 2 mean r 2 = 87.57). The sketches of group 1 (NOMAD) were slightly more accurate than those of group 2, although not significantly so. This suggests that the maps drawn by group 1 who had map viewing experience blended their tactile map and route-gained knowledge to supplement their sketch maps and draw a more visually pleasing cartographic representation. It is possible that the maps drawn by group 1 were slightly more accurate due to spatial judgements made from the audio-tactile map, however the graphical nature of the participants' drawing of the route is likely to have impeded any entirely spatially accurate reconstruction. Figure 4 shows a graphical representation of the bidimensional regression results for the two groups.
All respondents with one exception were able to complete the tactile scanning assessment, by naming the components of the pseudo map (circle, square, triangle, etc.), and then redrawing these (4 independently. All respondents completed the ratio-scaling exercise; the results are displayed graphically in Figure  6 . Haber et al. (1993) were successfully able to reconstruct a complex environment from Euclidean distance estimates using multi-dimensional scaling (MDS). They found that blind respondents' estimates were less accurately scaled and less internally consistent than those of the sighted. However, they concluded that the blind do have an accurate internal representation of space, which is comparable to those of the sighted, although the representations of the blind are qualitatively and quantitatively different. In this study there was no sighted control group, although there was no significant difference at the 95 per cent confidence interval between the two visually impaired groups for any of the measured variables. Both groups' recorded data was spatially 'accurate', respondents from group 1 possibly being able to gauge distances from the environment and the tactile map (see Ungar et al., 1997) . Environmental differences when participants walked the route may have affected their distance estimates, such as the time they had to wait at the crossing before being able to cross. The individual differences in mobility skill, and their internal cognitive construct of the route, appeared to be greater than a distinct difference between the groups. The integration of environment and model through the use of audio-tactile maps, and audiobeacons had noticeable effects on the respondents who used the system. They expressed interest and enjoyment when exploring the talking map, particularly noting the independent exploration of the map, and amusement at the 'earcons', the bleep of the pelican crossing traffic lights, for example. When negotiating the route the audio beacon served as a key landmark at a critical turn, which, if missed meant the students would bypass the campus entirely. When learning the route this turn (pelican gate) was particularly stressful for group 2 (no additional audio or map access). This was gauged by body posture, facial expression and comments to mobility instructor. In contrast, respondents with access to the audio beacon appeared visibly relieved on hearing the beacon, confirming they were on the route and had not passed by the critical entrance. This was confirmed by their statements in the interviews: learning the route with the beacon gave me the confidence to relax, on other new routes I would be anxious about making a wrong turn, or missing a shoreline, so I would make more mistakes. Once I was clear about the route I didn't really need to check where I was with the beacon, but for a new student or in a new place they would be great (male respondent, group 1).
The technical difficulties and infrastructure problems should not be underestimated. Of the eight students interviewed, seven expressed concerns about vandalism and responsibility for installation and maintenance, six about information given ('when it speaks turn left, when exactly do I turn left?') four spoke of the wider problems of navigating in the geographic world: 'I need the audio-tactile map to tell me where the signs are. If I go looking for a sign that is not there due to my mistake or vandalism, and need to rely on the beacon for information, I'm stumped. The audio-tactile map tells me what I need, but I can't carry that with me. ' Many studies in the sighted cognitive mapping literature have noted that convergent validity is weak with different tests producing different answers when they were meant to be measuring the same knowledge (Howard et al., 1973 , Cadwallader, 1979 , Magana et al., 1981 , Montello, 1991 . These differences exist, not always because the tests are measuring different knowledge bases, or invoke the use of different strategies of spatial thought, but because of methodological biases .
The study adopted multiple, mutually supportive tests in order to build a more complete 'picture' of a respondents' knowledge and used a real world environment, recommendations from Kitchin and Jacobson (1997) . The sample size was small to allow for a mix of quantitative tests and phenomenological qualitative interviews. This obviously has implications on the nature of any generalizations drawn from the study. The study was designed to provide an insight into the utility of the integration of audio beacons in environment and model, through the experiences of the respondents, not as a comprehensive, definitive assessment.
This study clearly demonstrates the necessity for a multi-task approach to any analysis of the cognitive mapping ability of the visually impaired, and also for the tasks to be tailored to account for a loss or reduction in the visual sense of the respondent completing the task. Each task placed subtly different cognitive demands on the respondent, serving to present a more complete picture of their spatial competence and the utility of the audio beacon. The mixture of quantitative and qualitative methodologies complimented each other. The use of verbal protocol helped to set a respondent's results on quantitative tasks into context.
Even by their serial route-like understanding of space the visually impaired are competent route navigators (all but one student completed the route), and by the use of audio-tactile and environmental audio beacons their understanding of space can be greatly improved.
The way forward: an applied agenda for future study
Before returning to the theory into practice issue there are within all of these studies philosophical and methodological issues that need to be addressed (Kitchin & Jacobson, 1997) . For example, all aspects of the 'human-environment behavioural interface' need to be investigated, as they are all interwoven. There is a need for multiple, mutually supportive tasks to be used for the investigation of cognitive map knowledge, 'because each method reveals different aspects of empirical reality, multiple methods of observations must be employed (Denzin, 1978, p. 28) . There is a need to draw on wealth of cognitive mapping research in psychology, planning, geography, cognitive science and so on, to increase the theoretical validity of applying cognitive maps to people with visual impairments or blindness.
In cognitive mapping research space is generally treated as uniform, just objects in an environment (Hart & Cohn, 1991) . Space is seen in its Kantian context as a container where human action takes place. However if space is seen not just as a container for human life, but as being socially produced and constructed, dynamic and ambiguous (Welch & Dear, 19891 , it will be possible to get a subtle and more rounded picture of how and why certain journeys are or are not undertaken and hence their cognitive map knowledge. As a simple illustration, blind people travelling with a white cane may feel vulnerable in a certain sector of town -this may account for the 'gaps' in their cogni'tive map knowledge. Cresswell (1996) suggests 'that the social and the spatial are so thoroughly imbued with each other's presence that their analytical separation quickly becomes a misleading exercise' (p. 11). It is worth noting that when striving for practical applications for cognitive mapping research, the results of the research should not be seen in isolation, divorced from the situation that provided the data, or from the methodology used to collect the data.
There is a pressing need for the application of cognitive mapping to real world practical situations. There is a need to increase the practical viability of many cognitive mapping studies, and as a by-product this will also help demonstrate their conceptual and theoretical worth. Regarding cognitive mapping without sight, this research has a great potential to be of benefit to people who do not have sight (Pick, 1980) ; in general, however, the movement of theory into practice to benefit blind people themselves is currently weak. It is suggested that this can be addressed in the following ways. There needs to be more collaboration between researchers (dealing with theory) and those working on a daily basis with blind people (dealing with practice). This can be achieved through discussion and cross-fertilization of ideas in journals (e.g. Journal of Visual Impairment and Blindness) or conferences (e.g. International Mobility Conferences). More than that, there is a need for closer involvement during the research process, for orientation and mobility specialists to become involved in research design, and after the research for the results to be disseminated to orientation and mobility people, and to the blind themselves to provide practical benefits that are grounded in theory. Investigations should be carried out to link theories of the cognitive understanding of space to technologies designed to communicate or to aid navigation through such space (e.g. . There are many opportunities throughout the research and development process for this to happen. Theoretical research can provide a base line awareness of a situation, understanding of the theory of communicating spatial information can drive practical development. After the development of a technical aid the results of trials, assessment and validation can in turn lead to better theoretical understanding. The aim of cognitive mapping research without sight should be to further the understanding of geographic space as a whole, and to benefit and improve the quality of life of those who are being researched.
As suggested by this applied agenda, there is a pressing need for the movement of the theory of the cognitive understanding of space into practice where it can be applied to help meet some of the real world problems facing people who are blind.
A pilot project has been launched at Queen's University Belfast investigating the practical development and applicability of a novel auditory hypermap system for blind and visually impaired people. This is a computer-based application that through the use of a touch pad and audio information allows a blind person to independently explore the spatial components of a map. As the user's finger is dragged across the touch pad, the system 'talks', playing audio files which are triggered by the position of the user's finger. Cartographic information is thus conveyed through the use of spoken audio, environ-mental audio (such as traffic noise for a road), and auditory icons (earcons) to denote specific events like the edge of a map, links to further maps, or help and information. The system can work in two modes. As a touch screen, the transparent touchpad is placed in front of a monitor screen. A map user with partial sight is then able to access the map through sound, touch and by viewing the bold areas of the map. In the second mode, for a totally blind user, the touch pad is placed at table-top level. Here, the map user is reliant on sensing their finger's location on the touch pad and the auditory cues presented by the underlying information. Linking enables a blind user to traverse from one auditory map to another. As each map loads, a verbal overview describing the map is played. From all maps there is direct access to a help screen that explains the system and the modes of interaction. Figure 7 displays the simple user interface for the auditory hypermap system.
As the map-reader's finger moves across the touch pad and over the 'SOUTH' bar the audio message 'Press to go south' is played. Once this part of the touchpad is pressed the central area is filled with an auditory map to the south of the previous one. If no maps are available, this is verbally relayed to the user. North, west and east all work in a similar manner. Home returns the user to the main auditory map. The help button explains how to use the system. When exiting from help the user is returned to the correct map. The 'i' button plays information about the map in view (e.g. 'this is the city area map. Downtown is in the north of the urban area, and the harbour to the west, etc.'). The back and forward buttons allow the user to traverse through the 'history' of their links.
A comprehensive spatial system is being built which will enable the seamless travel from map to map, enlarging or reducing scale or moving north, south, east or west. A range of techniques including cognitive mapping will be used to assess the system, allowing for rigorous user evaluation and testing. Evaluation of the system will involve 10 visually impaired people. After initial training and familiarization, the utility of the system will be assessed using rating scales, semi-structured interviews, and by logging the paths followed by the users through the system. Map reconstruction exercises, both graphical and language-based, will offer an insight into how much of the spatial layout displayed within the maps users were able to understand and recall. The audio-tactile hypermap system was designed as a prototype to explore the possibilities for conveying spatial information in this 'touch-audio' manner.
This project, in a small way, aims to encourage and foster links between theory and practice to drive the research. The users evaluation and testing input will provide information for the practical development of the system. Auditory cartography FIGURE 7. Prototype auditory hypermap main map interface. theory is currently weak (Krygier, 1994) . It is hoped from this study to offer a practical way for visually impaired people to access map-like information, and to add to the body of knowledge on auditory map learning and theories of spatialized sound.
Conclusion
Although vision is the most effective sense for gaining spatial information, blind people are able to use language, audition, haptics, smell, and taste as well as awareness of flow and motion to gain a direct or indirect awareness of their geographic environment. An assessment of their cognitive map understanding of blind peoples' geographic environment is extremely worthwhile. It is of considerable practical and theoretical worth; by providing clues as to how to enhance orientation and navigation; by providing a baseline of information about existing navigation strategies to navigation aid designers; by offering suggestions for environmental improvements and modifications; and by obtaining valuable information of the role of sensory experience in cognitive mapping as a whole. The research presented shows a move towrds some of the methodological issues that need to be addressed. However, there remains the need for a holistic approach that brings insight, understanding and tangible benefits to visually impaired and blind people.
The small preliminary studies reported here are offered as a stimulus for future work, a starting point for more thorough, rigorous, in-depth research with larger and more generalizable samples.
The conceptual and theoretical worth of the majority of cognitive mapping without sight research is not questioned. This worthwhile theoretical research does need to be applied to the population that it researches. This will serve to re-affirm its theoretical worth. Theory and practice need greater integration. Projects with a practical goal need to be grounded more in the theories of understanding geographic space. This offers them the greatest potential for success, and the most efficient techniques for conveying geographic space to blind people. Theoretical projects, although driven by the desire for knowledge and understanding, need to be aware of any practical opportunities to demonstrate their applied worth. By looking at these methodological, practical and theoretical questions and contextualizing the work within the wider world experienced by the blind, cognitive mapping can continue to be of tangible merit to blind people themselves.
